Abstract. This study was designed to design and construct a model Water Recirculatory System and use same to carryout induced breeding and larvae rearing of Cyprinus carpio using hormonal techniques. A simple 660 litres capacity Water Recirculation System (WRS) technology was developed, built and evaluated for this study. The WRS was designed and constructed in relation to waste production and waste removal kinetics. The system rearing troughs were made of black and white rectangular plastic containers. Efficiency of the design method and the effect of color of rearing unit were tested on growth performance and survival of Cyprinus carpio hatchlings, to assess the technical functionality of the system. The experiment was divided into two phases; artificial propagation of each Fish species using synthetic hormone and rearing the Fry for 14 days; and rearing the 14 days old fry for 42 days. In the first phase of the experiment, hatchability was estimated, while in the second phase, growth performance and nutrient utilization were investigated. Daily water replacement was maintained at 10 % of total volume of water in the WRS throughout the experimental period. Results of breeding/rearing trial gave high survival rate and fast growth rate of hatchlings. Hatchability results indicated that Black troughs had higher hatchability rate of 69.80±0.55 than white troughs 67.45±0.99. There was no significant difference (p>0.05) between the Treatments in Mean Weight Gain (MWG), Specific Growth Rate (SGR), Food Conversion Ratio (FCR), Food Conversion Efficiency (FCE) and Protein Efficiency Ratio (PER). High % Shooters was recorded in Black troughs than in white troughs for the specie studied. % Survival rate was high (71.33 %) in Black troughs than in white troughs (53.33 %). Based on the results of the water quality parameter analysis, the system was technically able to deliver optimum water quality for Fish growth and survival of Cyprinus carpio incubated and reared within system facility. This study revealed that the designed system can be used to incubate and culture hatchlings of Cyprinus carpio.
Introduction
Aquaculture development in Africa is severely constrained by the availability of land, water and environmental concern. In recent years, Water conservation and reuse has become a major issue that threatens the future development of aquaculture in Africa.
Water reuse systems have been developed for fish culture since the 1960s [SUMMERFELT et. al,. 2001] . Water Recirculation Systems (WRS) are systems in which water is (partially) reused after undergoing treatment. Each treatment step reduces the system water exchange to the needs of the next limiting waste component, [ROSENTHAL and BLACK, 1993] .
WRS have been developed to respond to the increasing environmental restrictions in countries with limited access to land and water [MARTINS et. al., 2010] .
Water recirculating system represents a new remarkable and unique way to farm fish instead of the conventional method of growing fish outdoors in open ponds race ways; this system rears fish at high density in indoor tanks under a controlled environment, it filters and clean water for recycling and reuse [MARTINS et. al., 2010] .
Water Recirculating Systems (WRS) employ several forms of tank ranging from octagonal designs, to raceway constructions through to the more traditional circular rearing units.
These tank forms have been derived following extensive engineering and hydrodynamic modelling developments [RASMUSSEN et. al., 2005; RASMUSSEN and Mc LEAN, 2004] . Each of these forms attempts to optimize various performance characteristics, such as animal growth, grading operations, cleansing, and ease of harvest.
In contrast, however, comparatively considerable research, at less cost, has been undertaken in System design to examine the potential advantages that varying colour of rearing unit may have on performance characteristics of specific cultured fish species.
It is possible to have tank fabricated in any colour, commercially available rearing tanks for incubation and the ongrowing of fish are generally available in white, black, green, dark, and blue.
Origin of these colour selections remain unknown even though research during the earlier part of the 19 th century showed that certain colours, including black, may affect fish health and performance [SUMNER and DOUDOROFF, 1938; SUMNER, 1911] . In Nigeria, no documented studies have examined the impact of color of rearing unit on the performance of Carp fishes in Water Recirculatory system.
The common carp (Cyprinus carpio) L. is one of the most important farmed species in world aquaculture, and is gaining much interest in Nigeria.
This study has been conducted to design, construct, and use water recirculating system and to also test the effects of various background colours of rearing units on hatchability and growth performance of Common carp (C. carpio).
Material and methods

System Design and Experimental Setup
The WRS was designed and the same was drawn into scale by an architect. The system was constructed and installed in the Department of Fisheries and Aquaculture, Federal University of Agriculture, Makurdi, Benue State, Nigeria. The WRS were made of Six Incubation/Rearing units (3 white and 3 black) with a volume of 60 litres/ container. Thus, for the TSS (total suspended solids) and settable solids control, the recirculating system has been provided with submerged gravel and sand filter, biofil and screen nets (0.5 mm) fixed in 120 litres Sedimentation tank.
The sedimentation tank has a foot flat plate with items of hard plastic material where a number of long gaps are realized; through those gaps the filtrated water passes the filtration materials.
For the biological filtration, Synthetic filter block is used. For oxygen concentration supply, the recirculation system was provided with a by-pass connection for continuous return of water within the pump tank for aeration at a flow of 15 L/min. Water distribution is achieved by 0.5 hp DAB surface electric water pump fixed 2 inches above the tank base to deliver water to the bio-tower at 20 litres/min pump rate which assures the technological flow necessary for each rearing unit. The system was designed such that the flow system was regulated, to recirculate water for 10 hours (8.00 hr-13.00 hr, and 18.00 hr-23.00 hr) daily.
All connections within the system components were made of PVC pipes and fittings varying from ½ inch to 2 inches diameter. The system was powered by electric supplies from Power Holding Company of Nigeria, and SE2900 Sumec electric generating set.
The layout of the WRS is presented in Figure 1 . Matured eggs were stripped from the female and sperm stripped from the male. Plate 1. Pictorial view of the 660litres capacity Water Recirculating System after construction Fertilization of the eggs was done and 2 g fertilized eggs were incubated into each of the six rearing containers.
Hatchability was evaluated 72 h after hatching process was completed.
The larvae were fed with starter 0.2 mm-0.3 mm 49 %.cp Coppens feed after yolk absorption.
Hatchlings were adequately fed and reared in the system for 14 days before testing for growth performance of the fry in the designed system. 300 hatchlings (mean weight 0.10 g) were randomly distributed into the 6 experimental rearing tanks (n = 50 per tank). Fish were fed commercial diet of 0.3 mm-0.5 mm 49 %. cp Coppens feed at a rate of 4% body weight per day.
The daily feeding rate was administered in three meals that were distributed at 6.00 h, 12.00 h and 18.00 h.
Recirculation commenced at 6 hours after incubation and this was maintained at 10h/day for the period of 6weeks.
Statistical analysis was done using the SPSS 17.0 for Windows. Statistical differences between variables were tested using T-test.
Results and discussion
The results of the hatchability rates of C. carpio incubated into white and black rearing troughs in Water recirculating system are presented in Table 1 .
The values of percentage hatchability from the fertilized eggs incubated showed that hatchlings in black trough had relatively higher mean value of 81.79 ± 1.26, while mean values were observed to be lower for hatchlings held in white trough.
However, P-value from the table indicated that, there was no significant difference (p>0.05) among the 2 treatments (Black and white) for the species investigated. Results of the mean weekly water quality parameters tested during the 42 days rearing of Cyprinus carpio in Water recirculating system are presented in Table 3 .
Temperature recorded the highest (30.43 ± 0.39 a ) at week 4 while the least (28.70 ± 0.57 a ) was at week 3.
However, there were no significant differences in temperature values between the weeks throughout the study period.
pH values ranged between 6.90 ± 0.17 a and 8.27 ± 0.15 c .
All physical and chemical properties are within limits for the survival and development of Cyprinus carpio. Table 3 showed that, only the values of pH, TDS and nitrate were significantly different (p<0.05) in water samples between the experimental weeks.
All other parameters showed no significant variation (p > 0.05).
Highest mean values of D.O was at week 5 (8.40 ± 0.26) and the lowest observed at week 1 (16.47 ± 0.78 a ), TDS was high at week 3 (140.00 ± 4.62 b ) and lowest at week 6 (8.33 ± 0.09 b ), E.C was also observed to be high at week 1 (214.33 ± 2.33 b ) and lowest at week 3 (162.67 ± 4.63 a ), Nitrate was at its peak at week 6 (10.23 ± 0.17 c ) and low at week 1 (3.36 ± 0.07 a ).
The value of Nitrite was significantly higher at week 5 (0.50 ± 0.02 b ) and low at week 3(0.34 ± 0.04 a ).
However, highest values of ammonia were obtained during week 3 and week 4 while lowest values were recorded during the first and the last experimental week.
Many Aquaculture systems has been developed and tested for fish culture over the years. Some of these systems have been able to culture fish in a sustainable manner while others have failed.
The success of aquaculture business depends on optimizing the environment for rapid growth at the minimum cost of capital and resources.
Development of WRS for fish culture has been able to address this problem. Most water re-circulating systems are designed to replace 5-10 % of the total water volume in the system each day with clean water [PAUL et. al., 1980] .
All system components within the facility were arranged and sized appropriately to cater for the daily amount of feed provided and welfare for the fish within the system, this agrees with the work of Losordo and collab. [LOSORDO et. al., 2000] .
Settleable solids in the rearing units are removed rapidly by the particle trap and transported through the regulatory/recirculating pipe into the sedimentation tank where it is retained.
In this study, feacal solids and uneaten feed are removed from culture tanks within few minutes of settling as the water jets-in from the water control valve into culture units.
The continuous removal of solid and dissolved particles prevents the build-up of nitrites and soluble organic matter that may eventually cause problems to the fish hatchlings held within the facility.
The designed RAS was typically indoor and closed.
The water flow in the components engaged for this design, is by gravitational flow, as the components are placed at the appropriate elevation relative to one another to enhance water flowing.
The pumping machine moves water within a complete unit as earlier reported by Akinwole and Faturoti [AKINWOLE and FATUROTI, 2007, FERENCZ et al., 2012] .
A rectangular rearing unit were used in this design, and has been supported by some authors [TIMMONS et. al., 1998 , LOSORDO et. al., 1998 .
The significant of sedimentation and filtration mechanism is the management of the amount of feed going into the system and wastes coming out to maintain optimal water quality.
However, the significant difference in this system design and previously reported systems are the systematic operation mechanism, capacity of pumping machine and the oxygenation method.
Background colour did not significantly affect the growth performance of Cyprinus carpio (p>0.05) though the hatchlings reared in the black troughs showed the highest growth rates.
In a study by Papoutsoglou and collab. on common carp fingerlings (100-160 g), it was revealed that tanks with white, green and black colours did not reflect any effect on growth performance which is in agreement with those found in this study [PAPOUTSOGLOU et. al., 2000] .
The lower growth rates in the white troughs as opposed to the black troughs may be attributed to direct light penetration into the rearing compartment.
Notwithstanding, previous findings indicate inconsistent results of black background color on growth performances of aquatic animals.
The antagonistic effects of black tanks have been shown to affect growth performance of fishes [PAPOUTSOGLOU et. al., 2000; KARAKATSOULI et. al., 2007] .
Increased light penetration between the background and food can lead to diminished food consumption by fish and consequently to reduced fish growth.
Rearing Cyprinus carpio hatchlings in white troughs led to lower final body weights, SGR and weight gain compared to Black troughs.
Hatchlings held in rearing units with black backgrounds presented higher SGR (4.79 ± 0.43) than hatchlings in white tanks. Nevertheless, no considerable differences in SGR was observed among treatments (p>0.05).
The results of this study show that background color influenced the percentage shooters in black troughs by 40 % and 36.67 % in white troughs.
The survival rate was also observed to be high in Black rearing troughs (71.33 %), than those reared in white troughs (53.33 %). The high percentage survival in both treatments however, indicated that the facility was able to maintain water quality at optimal level which agrees with some authors [PAPOUTSOGLOU et. al., 2000, ADAMU and NWADUKWE 2013] .
Conclusions
However, the adopted design in this study revealed that Cyprinus carpio reared in Black holding units showed better performance than those in white rearing units. The designed RAS also revealed that the specie examined can be incubated and reared within the facility and also it can support high stocking density with a relatively less mortality rate.
The WRS described in this work provides a lot of flexibility in operation, putting into consideration the nonconstant power supply in Nigeria.
The engineering process of the design was very useful which had provided a new vision on the design and culture process of Cyprinus carpio for optimum growth, survival and nutrient utilization. The public sector should devote more resources to policy research on the facilitation and promotion of aquaculture technologies
